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A multi-windowing technique for threshholding an image using local image properties 



(54) 

(S7) A "technique. specHfcaly apparatus and an 
accompanying method, for accurately thresholding an 
image based on local image properties, specifically lumi- 
nance variations, and particularly such a technique that 
uses multi-windowing for providing enhanced immunity 
to image noise and lessened boundary artifacts. Specif- 
ically a tocafeed intensity gradient. GO j). is determined 
for a predefined window (300) centered about each 
imaoe o'ixel(ij). Localized minimum and maximum pixel 
density measures. and L^,. respectively , «e also 
determinedfor another, though larger, window (330) cen- 
tered about pixel(ij). Also, a localized area gradient 
measure. GS(i j). is determined as a sum 
intensity gradients for a matnx ot pixel positions (370) 
centered about pixel position (i j). Each image pixel(ij) is 
then classilied as being an object pixel. i.e.. black, or a 
background pixel, i.e.. white, based upon its area gradi- 
ent GS(ij). and associated and L™, measures. 
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Description 

TECHNICAL F in n OF THE INVENTION 

The invention relates to a technique, specifically apparatus and an accompanying method, for accurately thresh- 
olding an image based on local image properties, specifically luminance variations, and particularly one that uses multi- 
windowing for providing enhanced immunity to image noise and lessened boundary artifacts. 

BACKGROUND ART 

With digital image processing and digital communication becoming increasingly prevalent today, increasing amounts 
ot printed or other textual documents are being scanned tor subsequent computerized processing of one form or another 
and/a digital transmission. This processing may involve, tor example, optical character recognition, tor converting printed 
characters, whether machine printed or handwritten, from scanned bit-mapped form into an appropriate character set, 
such as ASCII, the latter being more suitable for use with word processing and similar computerized document-process- 
ing tasks. 

Scanning a gray-scale document typically yields a mufti-bit, typically eight-bit. value for each pixel in the scanned 
document. The value represents the luminance, in terms of a 256-level gray scale, of a pixel at a corresponding point 
in the document. These pixels are generated, depending upon the resolution of the scanner, frequently at resolutions 
of 200-400 pixels/inch (approximately 80-160 pixels/cm), though with highly detailed images at upwards of 1200 or more 
pixels/inch (approximately 470 pixels/cm). Consequently, a scanned 8 1/2 by 11 inch (approximately 22 by 28 cm) image 
will contain a considerable amount of gray-scale data. Inasmuch scanned text generally presents a written or printed 
characters of some sort against a contrasting colored background, typically white or black print against a white or light 
colored background, or vice versa, the exact luminance value at any one pixel in the text is not as important as whether 
that pixel is either part of a character or the background. Therefore, scanned textual images, or scanned textual portions 
of larger images containing both text and graphics, can be efficiently represented by single-bit pixels in which each pixel 
in a scanned image is simply set to. e.g.. a "one" if that pixel in the original image is part of a character or part of 
foreground information, or to. e.g., a "zero" if that pixel in the original image is part of the image background. To easily 
distinguish the different types of scanned images, a gray-level image is defined as one having mufti-bit (hence mufti- 
value) pixels, whereas a binary (or bi-level) image is formed of single-bit pxels. Furthermore, since binary images gen- t 
erate considerably less data for a given textual image, such as, e.g., one-eighth, as much as for an eight-bit gray-scale 
rendering of the same image, binary images are more efficient over conesponding gray-scale images and thus preferred 
for storage and communication of textual images. Binary images are also preferred because of their easy compressibility 
using standard compression techniques, e.g., CCITT Groups 3 or 4 compression standards. 

Gray-scale images are converted to binary images through a so-called thresholding process. In essence/each mufti* 
bit pixel value in a gray-scale scanned image is compared to a pre-defined threshold value, which may be fixed, variable 
or even adaptively variable, to yield a single corresponding output bit. If the mufti-bit pixel value equals or exceeds the 
threshold value tor that particular pixel, the resultant single-bit output pixel is set to a "one"; otherwise if the threshold is 
greater than the multi-bit pixel, then the resultant single-bit output pixel remains at "zero". In this manner, thresholding 
extracts those pixels, such as those which form characters, or other desired objects, from the background in a scanned 
gray-scale image, with the pixels that form each character, or object, being one value, typically that tor black, and the 
pixels tor the background all being another value, typically that for white. For ease of reference, we will hereinafter 
collectively refer to each character or other desired object in the image as simply an "object". 

Ideally, the best thresholding process is one which accurately selects all the object pixels, but nothing more, in the 
scanned image and maps those pxels to a common single-bit value, such as, e.g., "one" for black. In practice, noise, 
background shading, lighting non-uniformities in a scanning process and other such phenomena, preclude the use of a 
single fixed threshold for an entire image. In that regard, H the threshold is too low, the resulting image may contain an 
excessive amount of noise in certain, if not all regions; or, if too high, insufficient image detail, again in certain, H not aD, 
regions - thereby complicating the subsequent processing of this image! Given this, the art recognizes that a preferred 
approach would be to select a different threshold value that is appropriate to each and every pixel in the scanned image. 
In doing so, the proper threshold value is determined based upon local properties of the image, i.e.. certain image 
characteristics that occur in a localized image region for that pixel. Hence, the threshold would vary across the image, 
possibly even adapt to changing localized image conditions. 

In general, a common methodology for variable thresholding relies on measuring localized image characteristics, 
such as local intensity contrast (or gradient), local averaged intensity and/or local variance, in a local window centered 
about a pixel of interest and then using these measures to classify image pixels into either object pixels, black, or back- 
ground pixels, white. Here, too, reality diverges from the ideal inasmuch this methodology is complicated, and often 
frustrated, by a need to extract various objects in a wide range of documents but with minimal user intervention, such 
as for purposes of initiaGzation and object identification, and while still yielding a clean background in the thresholded 
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i j. ^ obiects may include. e.g.. dim. broken objects; and objects thatpresenta relatively to* contrast, 
image. In reality, these objects may «• embedded in a black background, 

such as white objects in a gray bM *^^^^^\ 8 ^ to provide adequate performance w«h actual 
Nevertheless, given trTeove^^ng ^ ^^ches that attempt to provide satisfactory 

images, the art has persisted by teach, ^ K 8 ^^*7^ e drawbacks that, in practice, tend to limrttheir utility. 
DTnormance. However, all these approaches sutler ^^SitobStanw propertes. are taught in M. Kamel et 
P v'ousapprc^ches^ed 

a... "Exlractionof ^SlSTSSrSi EESw. Here, a -logical level" approach is based on o«PW * 
^Pjoce^sing. Vol 55 Na 3 »vte 1993. pages »^ ^ ^ h neishborhood6 

gray level of a given pixel or rts ^thed g ay tevei < l« ™ T» Hthe g^y level d the given pixel is sulfWentty below 

centered about tour pixels orthogonally IrS aawoaS so-called "mask-based Subtraction-, relies 

3 tour .oca. averages, then the ?J^^J^^^^^^^ t aa^^^ W most of 

on considering every pixel « . ammage as a ^^J^^ 9 ^ lunctton ing to remove -particle- noise. The 

the background pixete are detect* « ***J22ZT± ™ slraipnt lines passing through each given pixel with slopes 




background pixels which are white ■•J*~£*V *™ ^ Vw possible character/graphics pixel, the gray level 
gr ound pixels using a P^^^ Lastly, a gray-scale chara^er/graph- 

of its background image is estimated by linear 'nierpoe » -» scanned image wHh resulting 

to imaged obtained ^ *• 
ditlerences then being globally ^^*^^,^|^tita-«rtl* 
value itseH is fixed, basing the ^^^J^^^ approaches wouto appear to be somewhat immune 

STrartng dim and/or broken to • 4 ^ 670 < fesued t0 r.r.a. Morton et al on September 

Anolter approach, as descry ^ 
19. 1989 arxl owned tv the present ass^neeher^ 

vLebeirxiasumotejack* 

occurs in the image, such as an edge, the te ^* *S" al ^^^nolded pixel value has a reduced noise content. 
££y the threshold value such that transHtons due to abrupt changes 

T*£u1^^ 

Here, adaptive thresholding « '^lemented * «"0""£"£ This offset potential is used in conjunction 

basis as a function of white peak and ^^J^^^SSL pixel-by-pixel. The peakand valley poten- 
with nearest neighbor t^**""*? ^SSISJS! ESS * *■» P*e. with predetermined minimum 

^pXa'^ tS teChnK?Ue a,5 ° ^ 10 ^ dWfcUme8 

exacting low contrast objects in a tn ^* d * ™* specifically apparatus and an accompanying method, for accu- 
Theretore. a need exists in the art tor a }^^^^TJ s ™ iein ^ a threshold that varies based on local 
ra ,e.y and reliably thieshotoing a grayscale .mage o locate «£>™^ Reduced boundary artifacts, as well as 

We have substantial* and advantageously overcome il . d- ^Int--rt«^«In^--^^ 

thresholding technique. nradient GCii). is determined for each pixelfij) in an incoming 

SpecH ica.ly. through ourinvent.on. j|lustrativelv 3^.3, p ixe ,s centered 

«, scanned grayscale bit-mapped image. This "^^J^Jt" levete are detected tor an N-by-N pixel window 
about pixe.0 j). Next, minimum intensrty. ^^^J^i^^ GSf, j) being a sum o. individual mtensity 
centered over the image about ^f.^^^^^^Of n-2-byn-2 pixels, centered about position <U>. 
gradients, is ascertained to amrtm « «T^^^fffnS or a background pixel, i.e.. white, primarily based 
Lch oixelfi j) is then dassrfied as being an object pixel, i.e.. oiac*. or a w parameters are 

- u^re^radie^^^ 

determinedfor ea charter, ,p*M , ^g^Z^TZxtoi* and L_ values. Once the gradient 
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Using these local measures, each image pixel(i j) is f irst classif ied as being near an edge or not. In that regard, each 
pixel near an edge is so classified if the local measures therefor, specifically its associated area gradient, exceeds a 
pre-defined threshold value. Otherwise, that pixel is viewed as falling within a locally flat field, i.e., of relatively constant 
gray-scale. Specifically, edge pixels are classified by comparing their intensity values against average intensity values 
for local N-by-N pixel windows therefor; in contrast, pixels in flat fields are classified by comparing their intensity against 
a pre-determined intensity value. 

In particular, an image pixel(i j) located in a vicinity of an edge in the image is detected whenever the area gradient, 
GS(i j), for that pixel is high, particularly being larger than a predefined gradient threshold, GT. Once such a pixel is 
found, each pixel on a darker side of the edge is found. This latter pixel being in the center of a local N-by-N, e.g., 7-by- 
7 pixel window is classified as an object pixel, i.e., black, whenever its intensity, Lc, is smaller than an average of its 
associated and L^,* values. Alternatively, il the intensity of this latter pixel, exceeds the average intensity value 
of I™ and Lmax, then this particular pixel is classified as being background, i.e.. white. 

Where the area gradient. GS0 j). for pixel(i j) is less than the gradient threshold, such as where the N-by-N window 
slides along an image region of relatively constant gray-scale. pixel(i j) is classified by simple thresholding, I.e., thresh- 
olding its gray-scale value against a constant predefined threshold value, IT. Here, rt the gray-scale value of pixel(ij) is 
less than the threshold value IT, thus pixel is classified as an object pixel, i.e., black; otherwise, this pixel is designated 
as part of the background, i.e.. whhe. 

To enhance image edges and by doing so further increase thresholding accuracy, the intensity values of those pixels 
near an edge are modified. For the preferred embodiment, black pixels are illustratively represented by a value of zero 
and white pixels by a value of "1". Specifically, for those pixels located on a darker side of an edge and having an intensity 
value that exceeds the threshold value, IT, the intensity of each of these pixels is reduced to a value slightly below 
threshold IT, e.g.. to a value IT-. In contrast, the intensity values for those pixels, located on a brighter side of an edge 
and having an intensity value less than threshold value IT, are increased to an intensity value slightly greater than thresh- 
old value IT, e.g.. to value IT-k A high quality binary image can then be produced by merely thresholding the resulting 
gray-scale image against pre-defined threshold value IT. 

Advantageously, through the use of area (summed intensity) gradients, the present invention significantly reduces 
both background noise and boundary artifact generation while accurately extracting objects in a thresholded image. The 
modified gray-scale image, when subsequently thresholded using a fixed threshold value TT, greatly enhances detection 
of low contrast objects and thus readily produces a high quality binary image. 

RRIEF DESCR 'PTmM OF THE DRAWINGS 

The teachings of the present invention may be readily understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high-les/el block diagram of document imaging system 5 that embodies the teachings of our present 
invention; 

FIG. 2 depicts the correct alignment oi the drawing sheets for FIGs. 2A and 2B; 

FIGs. 2A and 2B collectively depict a high-level flowchart of our inventive multi-windowing thresholding method; 

FIG. 3A depicts a 3-by-3 matrix of pixel location definitions which we use in determining, through a "Sober gradient 
operator, gradient strength for current pixelfij); 

FIG. 3B depicts a graphical representation of an N-by-N neighborhood of pixels centered about a cunent pixel(ij) 
in an image intensity record; 

FIG 3C depicts a graphical representation of an (N-2)-by-(N-2) neighborhood of pixels centered about pixel position 
(ij) in an image intensity gradient record; 

FIG 4 graphically depicts intensity profile 400 of an illustrative scan line of an original gray-scale image, such as 
that illustratively on document 10 shown in FIG. 1 ; 

FIG. 5 graphically depicts a modified intensity profile which results after thresholding intensity profile 400 shown in 
FIG. 4 according to the teachings of our present invention; 

FIG. 6 depicts a block diagram of a preferred embodiment of our present invention; 
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FIG. 7 depicts a block diagram of Sum of Gradients Circuit 620 which forms part of circuit 600 sho»n in FIG. 6; and 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. 

To facilitate understanding, identical reference numerals have been used, where possible, to denote identical ele- 
ments that are common to various figures. 

Mnn« OF QARRYING.Q! S THE INVENTION 

Alter reading the following description, those skilled in the art will quickly realize that our invention rs applicable tor 
„,e nearty an? document imaging system for accurately thresholding scanned documentary .mages comamingline 
^^ritewSwhat that Hne art contains and the media upon which the image originally appears. For example. 

ne oT^di^ssto^ we wSdiscuss our invention in the context of use in fhresho^ scanned character data, such 
« i«rtual letters and numbers, which we will collectively refer to hereinafter as -objects . 

To^ouSoses S mustration and discussion, we define black and white gray-scale prxete "h^^* W 
, " Send "255- respectively. For consistency, we also define output binary pixels wrth black being -tr and 
S< S C ^-1- aea^vourir.emivemethodwm function just as wellwi^ 
^aMestnat^^^ 

6h ^^dt> 6 ict?at'i 9 h-.evel block diagram of document imaging system 5 that embodies the teachings of our present 
I svstem 5 is for med of gray-scale scanner 20. digital image processor 30 and "simple" thresholding 

40 tS S lO contaU various objects of interest is scanned by scanner 20 to produce muW- 
ccurt 40. n ope a ™ n /° _ gray -scale image data. L This data is routed, via leads 25. to a data input of digital 

«** here - thfesho,ds the scanned ■ * te and oe ? e - a,es ** 

L^SKraTsoale^rnage on leads 37 and an output binary image on leads 33. The modified greyscal^rnage, as 
LT^inoTeaS detail below, has its edges enhanced by processor 30 to subsequently -increase ; threshoW.ng aocu- 
described in ^reat« -oeiB i . ^ m ^ tnresnolding arC urt 40 which— 

^L^t^n ^Z ^^Z image data against a predefined M tnMd ^ 

jSl^d-simple" thresholding. The resulting thresholded. i.e.. binary, image produced by circuit 40 is applied. 
f %2i S" m Tn otoeToutput binary image. Digital image processor 30 performs thresholding in accordance , «* w 
^^enSr^ar^Thigh data throughputs required for processing bit-mapped images, processor 30 rs prefer- 
KSSSJ ^dXted 9 ha,dware circuit including our inventive circuit 600 shown in FIG. 6 and d*cussed m 
f? -?£ S Alte^thSy this processor can be implemented through one or more general purpose miaoprocessois. 
fS'iSSa'teS S» and supporting circuitry and suitably programmed to implement our present inventon m soft- 
microprSessa(s) could execute instructions suff iciently fast to produce the requisrte data 

"""I! S-'.evel flowchart of our inventive multi-windowing thresholding method 200 is collectively depicted in FIQs. 2A 
and Jb tor wnfcnSnTcorrect alignment of the drawing sheets tor these f igures is shown in FIG. 2. During the course of 
ana reference will also be made to FK3s. 3A-3C where appropriate. 

d " C Me Sd 200^ pSo S Z each and every grayscale pixel in an incoming .™ 9 e. thereby herating through the 
in Je toe manner through which each gray-scale image pixel is processed is identical across a« such pixels, we 
^^Sv^scussThls routine in the context of processing generalized pixelf.j). where . and j are positive integers and 
rnerely drscuss tn s incomi ng gray-scale image. In addition to grayscale image data. 

tIZ ! ^oTnpu, parameters, specif ica.ly fixed thresholds IT and GT. these thresholds are adjusted. 

h 322 beto* Either to provide satisfactory thresholding across a multitude of differing images with varymg char- 
1 JSIucJ « SSI end illumination, or can be adjusted to provide optimum thresholding tor any one type of 

bta£ 2 modilied grayscale image will be generated, wrth each pixel in the resulting image correspond^ 
a thresholded ' « » > p|Gs 2A an£j 2B H a ^ ied gray . scal e image « to be produced. 

^ i SS in a "simple" fashion using a fixed, preyed threshold, having a value IT. as toat value 
L^S beS The nxx^Hied gray-scale image can then be further processed, e.g.. through scaling or filtenng. as 



SefS inlqua^ (l)-(3) below, the Sobel operator relies on computing horizontal and vert,cal pixel intensity grad.ents. 
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GX(i j) and GY(i j), respectively, and tor each pixel position (i j) forming the gradient strength, G(i j) as an absolute sum 
ofGX(ij)andGY(ij): 

GX(ij) = L(i4l 2L(i+1 j) + L(i+1,j+1) - Lfi-1 • 2L(i-1 j) - Lfi-1 j+1) (1) 

GY(ij) = Ui-1j+1) + 2L(ij+^^ (2) 

G(ij) = |GXfij)|4|GY(i,D| (3) 

where: G(i,j) is the gradient strength at pixel position 
. 0 J) : and 

L(i j) is the image intensity, luminance, at pixel 
position (ij). 

The resulting gradient strength value for every image pixel collectively forms a gradient strength record lor the entire 
scanned image. 

Once the gradient strength, G(i.j"). « determined for pxelflj), method 200 advances to step 206. This step, when 
performed, determines the area gradient for pixel position (i j). i.e., GS(ij), as the sum of the gradient strengths tor each 
and every pixel position within an (N-2)-by-(N-2) window centered about pixel position (i j). This window is illustratively 
5-by-5 pixels in si2e and is shown, as window 370, in FIG. 3C for an N-by-N, illustratively 7-by-7, window shown in FIG. 
3B, the latter being window 330, centered about pixel(ij). For purposes of comparison, the periphery of ah N-by-N 
window is shown as window 350 in FIG. 3C. Though shown sequentially to simplify illustration, step 245 is generally 
performed at essentially the same time, as symbolized by dashed line 244 , as is steps 203 and 206. Step 244 determines 
both minimum and maximum pixel intensity values. and L^,. respectively, in an N-by-N window centered about 

pixeKi j). 

Once the area gradient is determined for pixel position (i j). then, through the remainder of method 200. the three 
image measures, GSfij) and 1™ and L^,. associated with this particular pixel position are used to classify pixelfi j) 
as an object pixel, i.e.. black, or a background pixel. i.e.. white. 

In particular, decision step 208 is performed to assess whether the value of the area gradient for pixel(ij). i.e.. GS(i j). 
exceeds a pre-defined threshold value, GT, or not. This test determines whether pixelfi J) lies in a vicinity of an edge in 
the scanned image, or not. If the area gradient is less than the threshold value, GT. then pixel(i j) does not lie near an 
edge. Hence. pixelfl j) lies within a localized relatively constant tone. i.e.. Hat" field, region of the scanned gray-scale 
image. In this case, method 200 advances along NOpath211 emanating from decision block 208 to decision block 21 5. 
This latter decision block determines whether the gray-scale intensity of pixel(i.j), i.e., Lc. exceeds another pre-defined 
threshold value. IT. If this gray-scale value is less than the threshold, the pixel is classified as an object pixel, i.e., here 
black; otherwise, the pixel is classified as a background pixel, i.e.. here white. Specifically, on the one hand, H pixel 
intensity, is less than or equal to threshold IT, decision block 215 advances method 200, along NO path 217, to 
decision block 222. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 222 advances the method, via YES 
path 225, to block 228 which, in turn, sets an intensity of output pixel(ij) to black, i.e., 2ero. Alternatively, H a gray-scale 
output is desired, then decision block 222 advances method 200, via NO path 224, to block 230. This latter block, when 
performed, sets the intensity of output pixel(i.j) to the intensity of U, without any modifications made thereto. It, on the 
other hand, pixel intensity, l^. exceeds threshold IT, decision block 215 advances method 200, along YES path 218, to 
decision block 232. This latter decision block determines whether a user has previously instructed the method to produce 
a binary or gray-scale output pixel. If a binary pixel is desired, then decision block 232 advances the method, via YES 
path 235, to block 237 which, in turn, sets an intensity of output pixel(i.j) to white, i.e., one. Alternatively, if a gray-scale 
output is desired, then decision block 232 advances method 200, via NO path 234, to block 241 . This latter block, when 
performed, sets the intensity of output pixelfi j) to the intensity of L^, without any modifications made thereto. Once step 
228, 237 or 241 is performed, method 200 is completed lor pixel(ij); the method is then repeated for the next image 
pixel in succession, and so forth. 

Alternatively, if area gradient. GS(ij) exceeds the threshold value, GT, then pixel(i j) lies in the vicinity of an edge. 
In this case, step 245 is now performed to ascertain the values of L^, and L^, if these values have not already been 
determined! as set forth above. Thereafter, method 200 advances to block 248 which calculates an average pixel intensity 
value. Uvg. occurring within the N-by-N pixel window centered about pixel position (ij). This average intensity value is 
simply determined by averaging the values L^, and l^,. 

Once this average value has been ascertained, method 200 advances to decision block 251 which compares the 
intensity of pixel(i j). i.e.. L^. against its associated average intensity value, L^g. When this pixel is situated on a darker 
side of an edge and hence an object pixel, then its associated average intensity value will be greater than or equal to 
its intensity value, L^. In this case, the output binary pixel for pixel position (ij) will be set to black Otherwise, if pixel(ij) 
is situated near an edge but its average intensity value. L avg . would be less than its intensity value. Uc then this pixel is 
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L then decision block 251 advances method 200. along NO P^^ ™ gray-scale output pixel. H a 

dairies whether a user has previous^ method^p,^ | b«^g, y ^ ^^p ^ ^ 

binary pixel is desired, then iTa gray-scale output is desired, then decision block 260 

sets an intensity of output p.xel(. j) to black. . e.. zero. However nag j pertor med. determines whether 

advances method 200. v* a NO ^ ^Hthe^ '^tensity cIp^xeKij)^ 'ess than or equal to threshold 

pixel intensity, exceeds the .owti 275 which, when executed, sets the grayscale output tor 

n. then method 200 advances, along NO P*» 272-to block .275 ^ ^ thieshoW „; then method 

value a tnat is slightly less. Lfc, IT-, than threshold ITT inlensjt ^ value> ^ thendecision block 

Alternatively, it gray-scale p,xel miens,* ^.exceeds rts e< ""rt^ 8 J decfejon ^determines whether 
251 advances method 2O0. along YES path 2 ^ dec.s.on «^ 2 ~ y ™ ^ „ B tfnexy pbte | is desired, 

a user has previously instructed £55S wnS, in\urn. sels an mtensity of output 

then decision block 280 ,^^ul fe Ssi^ed. then decision Wo* 280 advances method 200. 

pixelf. j) to whrte. i.e.. one. However^ 8 ^ 8 ^^J^ < ^ |for( ^ dt determines whether pixel intensity. ^ is less 
via NO P ath284.todecis.onblock 2^ Th*^ then ^ 

than pre-defined threshold value IT. H the .n.ensrty ^The gray-scale output tor pixelf. j) to the pixel 

advances, along NO path 292 to block 295 method 200advances. along YES path 

intensny value L.. to ay^S iu^or pMM to a value that is slightly large,. «.e, IT*. 

2S 294. to block 297. whrch. when execuleoVsete ^^J*^^^ fe ^ than , respectively, threshold IT is not crnical 
^f^T^S^^™ 285^29?: 297 has been performed tor pfcelO* me»od 200 is 

Shen'repeated for the next ™ge £xelT.v ^^JSS!SSS^ depicts intensny profile 400 ot an illustrative scan 
With this understand.no ;n mrnd. consrier F ML ■ * ^jrap Jca^yjP ^ 5 ^ a ^ processing 

» line of an original gray-scale -rnage. such astha Utartm^ cnja^ fesute M fe reatJjly apparent 

prof ile 400 through our .nventrve ^ ?S e Values of The mage pixels located near an edge are modified, 

from comparing profiles 400 «ndj»0£ ^Jj^ "J. and while its intensity is larger than threshold 
,n this regard, when such a P ,xel » " J^J* ^£Sy li than threshold IT. Alternatively, when an image 

value IT. the intensity of th.s prxel rs f^^^^^^^iiL than threshold IT; the intensity ot this pixel is 

ThisU*i£^ 

- =*d=^ 

As shown, circuit 600 rs formed of line detoys 61 °-^™ y ^ e ^ Bnd 655; 7 ^ y . 7 ^ and M in detector 635; 
9 radient de.ec.or 615; ^ ^ and 662. 670 and 
averaging circuit 640; T^^^^S 2 S£5SS"fci FlGs. 2A and 2B and discussed in detail above. 

<s 675. Circuit 600 col.ectrvely eme ^^°° !S?««iS in parallel, via leads 605 and 608. to an input of 
,n operation, eight-bit rnput Qray-scale " m *J^£."Z egf rjeteys 610. specifically series-connected single 
Hne de.ays 610 ^»"*f«JX S ^Tw^'imag^Tpixe. data centered eroundimage P ixe.(i. D . 
,ine delay elements 610,. 610 2 and 610* p 3 ™ ^ee-pixel line of the window. The outputs of all three 
Each delay element is tapped at three local*™ J cM 61 5 wnicn . t^ugh calculation ot the Sobel 

50 delay elements are routed to respective .nputs of gradient £™« ^ ^ ^ 

operator, as described above, proves an '-^•^^J^TS^ sums all the gradient intensity values 
gradient value is applied .0 an mput ,0 sum. as an area gradient value, i.e.. 

i a 5-by-S window centered about p.xe gjj^^|g~ drscussed in detail below. This area gradient value 
6S(i.fi. on 12-bH ^5 vvSch^onpafes this value against pre<tetined gradient threshold. GT; 

» is applied to an .nput ( ^ * « « samTcomparator. The resulting comparison output, appear.ng on 

, he laner being nTshuateS ^^dri?rfw edge or not. The comparison output is applied as an 

^^^^^^ ^^^ 69 °- 35 d ' SCUSSed deta " aPPrOPn8,e 
S^SSSi. or one of the predefined values IT- or IT + . 
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Max and Miri detector 635. depicted in FIG. 8 and discussed in detail below, ascertains the maximum and minimum 
pixel intensity values, i.e., L^* and of those pixels contained within a 7-by-7 window centered about pixelfij). 
Resulting and values, appearing on leads 637 and 639, are then averaged by averaging circuit 640. This droit 
contains summer 642, which merely adds these two values together into a resultant sum, and 12 and delay circuit 646 
which implements a divide by two operation by shitting the sum one-bit to the right; hence dropping the least significant 
bit. The resultant averaged intensity value is then appropriately delayed within circuit 646 tor purposes ol achieving 
proper synchronization within circuit 600. 

If the area gradient value. GS(i j), exceeds the pre-defined gradient threshold, GT, then the averaged intensity value, 
L used as a threshold level in determining the value of output center pixel(i j); else, if the area gradient value is less 
than or equal to the gradient threshold, then value IT is used as the threshold level in determining the value of output 
center pixel(i j). In this regard, the averaged intensity value, L evg . is applied to one input of comparator 650. The current 
center pixel value, is applied through delay element 630 to another input of comparator 650 as well as to one input 
of comparator 655. The delay of element 630 is set to assure that the proper corresponding values of Lc and Levg are 
synchronously applied to collectively comparators 650 and 655, multiplexors 680 and 690, and gating circuit 660. The 
fixed threshold value. IT, is applied to another input of comparator 655. Comparator 650 produces a low or high or low 
level output on lead 653 if pixel intensity value Uc «s less than, or equal to or greater than, respectively, its associated 
averaged intensity value. L^g- T"'* output level is applied to both one input f T) of multiplexor 680 and one input of 
AND gate 662. Multiplexor 680 selects the output binary pixel as between two bits generated from using two different 
thresholds, i.e., value IT or L evg . In that regard, comparator 655 produces a high output level at its A>B output whenever 
the predefined threshold value IT is greater than pixel intensity value 1^.. The level at output A>B is routed, via leads 
657. to another input ("O") of multiplexor 680 and to one input of AND gate 670. Multiplexor 680 produces the output 
binary value for pixel(i j). To do so, the comparison output level produced by comparator 625, indicative of whether the 
area gradient, GS(i.j), exceeds the gradient threshold, GT, is applied as a select signal, via lead 628, to a select ("S") 
input of multiplexor 680. If this select signal is high, thereby indicating that the area gradient exceeds the gradient thresh* 
old, then multiplexor 680 routes the level applied to hs "1" input, i.e.. that generated by comparator 650. to binary output 
lead 33: else, the multiplexor routes the level then appearing at its "0" input to lead 33. 

Multiplexor 690 routes the center pixel value. Uc or a pre-defined value IT+ or IT- as the output gray-scale value to 
eight-bit output leads 37. Pre-defined values IT+ and IT- along with center pixel value U are applied to different corre- 
sponding eight-bit inputs to multiplexor 690. The output of this multiplexor is determined by the state of two select signals, 
SO and SI: if these signals assume the binary values 2ero. T or "3", then the multiplexor will route center pixel value 
Uc. value IT+ or value IT-, lespectively. to output leads 37. Gating circuit 660. in response to the comparison output 
sionals produced by comparators 625. 650 and 655 generates, by simple combinatorial logic, the two select signals, SO 
and SI, applied to multiplexor 690. Specifically, if the area gradient is not larger than the gradient threshold, then, as 
discussed above, gray-scale pixel value Lc. without any modification, will be applied through multiplexor 690, to output 
leads 37. Alternatively, rf the area gradient exceeds the gradient threshold, then multiplexor 690 will apply ether value 
IT+ or IT- as a modified gray-scale output value to lead 37 based upon whether center pixel intensity value Lc is less 
than its corresponding average pixel intensity value, L^, or not. Since the operation of gating circuit 660 is self-evident 
from the above description to anyone skilled in the art. it will not be discussed in any further detail. Values IT- and IT+ 
are merely held in appropriate registers (not shown) and from there applied to corresponding inputs of multiplexor 690. 

FIG. 7 depicts a block diagram of Sum of Gradients Circuit 620 which forms part of circuit 600 shown in FIG. 6. 
Circuit 620, as shown in FIG. 7, is formed of adder 710 and line delays 720, the latter containing four series-connected 
single-line delay elements 720 0 , 720-,, 720 2 and 720 3 . Incoming gradient intensity values are applied, over lead 617 
Irom gradient detection circuit 615 (shown in FIG. 6), to one input of adder 710, shown in FIG. 7. In addition, the output 
of each of the four line delays 720 is routed over a different one of four feedback leads 715 to a different corresponding 
input of this adder. As a result adder 710 forms partial sums of 1-by-5 gradient values which are applied, as input, to 
delay element 720 0 . To generate a 5-by-5 sum of the intensity gradients, hence producing an area gradient measure, 
four preceding corresponding 1 -by-5 sums are added together within adder 71 0 to a present 1 -by-5 sum, with the result- 
ant overall 5-by-5 sum being applied to output lead 622. Use of these delay elements connected in this fashion substan- 
tially reduces the amount of logic that would otherwise be needed to generate twenty-five intermediate sums. 

FIG 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. As noted above, detector 635 determines the maximum and minimum pixel intensity values. and 
respectively, within a 7-by-7 window centered about pixel posHionfl.j). This detector is formed of two separate 
circuits: maximum detecting circuit 805 and minimum detecting circuit 840 which extract a pixel value having a maximum 
and minimum intensity value, respectively, of ail the pixels contained within the 7-by-7 window centered around pixelfij) 
and respectively apply those two values to leads 637 and 639. Circuit 805 contains maximum detector 810 and line 
delays 820. the latter being formed of six series-connected single-line delay elements 820o. 820i, 820 2 . 820 3 , 820 4 and 
820 5 . Similarly, circuit 840 contains minimum detector 850 and line delays 860, the latter being formed of six series- 
connected single-line delay elements 860 0 . 860! . 860 2j 860 3 . 860 4 and 860 5 . Inasmuch as circuits 805 and 840 function 
is an identical manner with the exception that detector 810 locates maximum values while detector 850 locates a minimum 
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15 



20 



I S nThe a^Mhen readHy appreciate how circuit 840 functions from this drscussron. 

those skilled in the art wiinnen rea ^ maximum detector 810. In addition, the 

ZVZ rins^eX mTxin^m defitor 810 extracts the maximum pixel intensity value from a 1-by-7 series ot pocel 
6 detedor.^nseque^ max mu ^ ^ preceding corre- 

values and >ff*M *" H ne delays 820. maximum detector 810 locates the maximum pixel intensity 
spondmg max-mum *™ (j J and applies that value , as output to leads 637. Here, the use of 

Tert^^ 

by the values defined toi r ™"°"™ tends to extracl ^ pi)<els o1 Hght objects. Threshold IT is set to property 

°I *2?21 ^ ^Z^^^one. i.e.. Tabids. In that regard, a low ft value tends to classify 

P ' i fSS to 'simple- thresholding with a fixed threshold IT. In this situation, the value of threshold GT 

"TSSK! M fSSTJi areTgradient. thereby causing our invention to classify pixels by essentially solely corn- 
will always be ,a '9 e ' ™" ™ J ., f ixed ^shoW IT. Our invention can also produce an outline image through 
Sft £ eshoS ^SzeSwNch case all the image pixels will be dassif ied as white except for the edge 

?° yl ? *L , L«ociated area gradients are larger than the gradient threshold. GT. 
PW I^h one rtJ££*~* of the present invention has been shown and described in detai I here* . many 
othefS eZS^Z* that incorporate the teachings of the invention may be easBy constructed by those sM,ed ,n 
the art 

~ jNBU SIBlAl APPLIC AP IIITYANP ADVANTAGES 

_ . invention fe useful in image scanning systems and particularly for thresholding scanned gray-scale 

The pres erf ' '^^^tverrtion advantageously provides more accurate thresholding than that previously 
art "by e^St^ e^nced immunity to tScKground noise in the scanned image and substantia^ 
eliminating boundary artifacts from a threshold ed image. 

Claims 

Antett^ttees^noa^ 

method ""'P"*^*' "J** „, ^ ^ m the input imaae. an atea gradient value tor a llna 

«nJ%£Zi& SS^ " SSX <£»-< — abated <M «luee centered 

contained within "^^T^^, value an0 ta maximum end minimum pU veluee. a cunent one ol 

ESS^riin^SEE « ■• •* «• - «*- ■*- — - a — p-*» 

position in the first output image. 

t»- .hnHnirifliml wherein the area gradient ascertaining step comprises the steps of: 

^i^ elponse to a third window (370). of the pixel values, of a pre-defined size and centered about 
«. J££S£*£m ^ the input image, an intensity gradient. G(ij>. value for the cunent ^position such 
mTTSSSn of input pixels in the input image, a plurality of corresponding mtensrty gradient values rs 

*■ « window of intensrty 9radient values 1rom ,he p,ura,rty 01 in1ensity 0radienl 73,1,68 and " in 

response to said first window, determining said area gradient value. 

— . method in claim 2 wherein said first window forming and area gradient determining step comprises the step of 
Z^^SL* * the intensity gradient values in said first window to produce the area gradient value. 
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4. The method in claim 3 wherein said thresholding step comprises the steps of: 

comparing the area gradient value. GSfij). to a pre-defined gradient threshold value. GT. so as to produce 
a comparison signal indicative of whether a current one input pixel located at the current pixel position (ij) in the 
input image lies in a vicinity of an edge in said input image; 

H the comparison signal indicates that said current one input pixel does not Be in the vicinity of the edge, 
thresholding, in response to said comparison signal, said input pixel value at position (i j) in the input image against 
a pre-defined fixed gray-scale threshold value, IT, to yield a corresponding binary output value at pixel position (i j) 

in the f irst output image; and 

it the comparison signal indicates that said one current input pixel does lie within the vicinity of an edge, 
setting, in response to said comparison signal, said corresponding binary output value to a first or.second state H 
the current one pixel value either exceeds or is less than an average of the maximum and minimum pixel values, 
respectively. 

5. The method in claims 3 or 4 wherein said intensity gradient measuring step comprises the step of producing the 
intensity gradient value for the current pixel position by processing said third window of input pixel values through 
a Sobel operator. 

6. The method in claim 5 wherein the third window is a 3-by-3 window of input pixel values and the Sobel operator 
implements the following equations: 

GX(i j) - L(i+1 j-1) + 2L(i+1 j) + Ui+IJ+1) • MM - 2L(i-1.D - L(i-1 j+1); 

GY(ij) « L(i-1 + 2L(ij+1) + - Lp-1 j-1) - 2L(ij-1) - L0+1 j-1); 

and 

G(ij)«|GXPj)|+|GY(ij)| 

where: L(i j) is an input pixel value, in luminance, for 
the pixel position (i j) in the input image. 

7. The method in claim 4 further comprising the steps of: 

producing, in response to said comparison signal and the pixel value (Lc) at the current pixel position fi j). a 
modified gray-scale output pixel value at position (i j) in a second output image, wherein, H the comparison signal 
indicates that the one current input pixel does not lie in the vicinity of the edge in said input image, the modified 
gray-scale output pixel value is set equal to the pixel value Lc, or H the comparison signal indicates that the current 
one input pixel does lie in the vicinity of the edge, the modified gray-scale output pixel value is set equal to a pre- 
defined value greater than or less than the threshold value IT when the pixel value Lc is 9^ater or less than, respec- 
tively, the threshold value IT; and 

thresholding the modified gray-scale output pixel value, against the threshold value IT, to yield a conesponding 
second binary output pixel value at a pixel position (i,j) wtthin a second output image. 

8. Apparatus for thresholding an input gray-scale image into a f irst output image, wherein said input image is formed 
of input pixels each having a multi-bit gray-scale pixel value associated therewith, and wherein said f irst output image 
is formed of pixels each having a corresponding output pixel value associated therewith, characterized in that the 
apparatus utilizes the steps recHed in any of claims 1-7. 
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